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ABSTRACT
Rapid urbanization and land use transformation coupled with cli-
mate change impact are witnessed for development urban heat
island worldwide and make it major environmental concerns for
human health. National Capital Region (NCR) is one of the fast
sprawling National Capital city of India. The aim of the present
study is to explore the spatial changes in major biophysical
parameters of city over last 20 years from 2000 to 2020 using sat-
ellite data. The spatial variation in the land surface temperature
and its relation with Land use, NDVI and Built-up area were eval-
uated and discussed in the present work. The major changes
were observed in minimum and maximum temperature of the
city, in 2000 minimum temperature was 23.20 �C and maximum
34.85 �C, which increased to 26.31 and 39.92 �C in 2010; and
31.70 to 44.74 �C in 2020 . Normalized differential vegetation
index (NDVI) decrease from 82 to 62%, Non-Vegetated area has
reduced to 62% from 82% due to fast urbanization and land
transformation in last two decades. Barren and fallow land also
reduces about 27% in last two decades and built-up area also
shown increasing trend . The spatial changes in biophysical par-
ameter of the city clearly indicated that NDVI, NDBI and Land
use/land cover charges are the main driving forces for develop-
ment of urban heat island in the city and many health issues
related to heat waves are already reported in the city along with
many other negative impacts on natural landscape and resources.
The observations from present work will be very useful scientific
information to understand the causes of elevated land surface
temperature and mitigation measures. Results could be used by
policy makers to develop the suitable model for long term sus-
tainability of the cities.
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1. Introduction

Urban population has been increased very fast in recent past specially in developing
nations. According to UN reports, around 55% of the population belongs to urban
area, and it will be increase 70% by 2050. Rapid urbanization is one of the leading
factors for determining the changes in the physical landscape, and key influencing
factor in the regional climate change as well as local environmental effect on quality
of life and human health.

The major indicators of urbanization can understand with the change in surface
temperature in cities compare to rural area, and anthropogenic changes in land use
practices. Urban setup are always warmer than neighbour rural area (Chakraborty
and Srivastava 2015).

As discussed in many research papers; the temperature of the cities are always
higher than the open and rural areas and termed as urban heat Island (UHI) and; the
most promising factor responsible for elevated temperature in urban environment is
land use/land cover changes (Singh et al. 2017; Karakuş 2019)

Large number of case studies have been carried out globally for estimation of land
surface temperature using different data sets and methodology from thermal sensors.
Li et al. (2013) worked on comprehensive study for land surface temperature and
development, they discuss on various developments in land surface temperature esti-
mation methodology and data processing methods. Many global cities were experi-
enced the massive land-use/land cover change in the last few decades and their
impact on urban ecosystem including air pollution, congestion, land degradation and
development of urban heat island. (Yan et al. 2016; Liu et al. 2020).

One of the major concerns in developing urban area is the extensive development
of impervious surface, such as residential, commercial buildings roads, parking lots
pavements (Haase and Nuissl 2007; Chaudhuri et al 2017, 2018). The concrete surface
acts as a reflector where the dense air absorbs the radiated heat, elevates the sur-
rounding temperature in the absence of dense Vegetation, and creates an urban heat
island effect (Voogt 2002; Watkins et al. 2007).

The trend of urbanization in India is critical, around 3.3% of decadal growth in
urbanization between 2001 and 2011. Based on the 2011 census, 31.2% of the Indian
population is residing in the urban area, and in 2020 the percentage raised to 34.4%
(UN DESA 2014). By 2030, cities with more than 1 million populations will grow
from 42 to 68. (McKinsey Global Institute 2010; Bhagat 2011; Heilig 2012); Out of
4000 cities and towns in India, 46 has more than 1 million population and major cit-
ies of India such Delhi, Mumbai, and Bangalore, have population more than 8 million
(Urban Planning Capacity India, Sep 2021).

A more number of significant studies analyze the urban heat island effect with
changing land use patterns in urban areas using earth observation data sets (Guha
and Govil 2020; Rahaman et al. 2020; Shastri et al. 2020; Hussain and Karuppannan
2021). It is found that anthropogenic activity and land use practices along with con-
tinuous decrease in vegetation cover causes the increase of land surface temperature
(Rosenfeld et al. 1995; Rahman 2007; Noyingbeni et al. 2016; Singh et al. 2017;
Schulz et al 2018; Wang et al. 2018; Abhijit and Kumar 2019; Dutta et al. 2019;
Nuissl and Siedentop 2021).
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Some of very recent studies from Indian cities also used satellite data for monitor-
ing the long-term changes in land use practices and their negative impact on environ-
ment and natural resources of the city and elevated land surface temperature.

Thermal satellite data to estimate the land surface temperature of mangrove forest
of Sundarbans, Northeast coast of India and found that the biophysical parameters
such as vegetation cover and land use practices controlling the spatial variation in
land surface temperature. Mohammad and Goswami (2021) worked on impact urban-
ization and development of urban heat island considering long term satellite data to
develop the relationship between spatial temperature variation and land use practices.

The present work uses the recent satellite data including the period of COVID-19
and results shown significant changes in the urban environmental factors such as
NDVI, NDBI and Land Use changes. Continue expansion in Urban landscape and
persistent increase in complex anthropogenic activity, and land use change pattern in
the urban and sub -urban area have very negative impact on land surface temperature
and human health. To quantify the changes in periodic manner and to understand
the spatio-temporal relation, motivate to carry out such investigations.

In the present investigation, the long-term change in the land surface temperature
over Delhi by considering the land use/land cover change, changes in vegetation
cover and built-up area has been analyzed using Landsat thermal data and filed data.
The result of this study will be very useful for developing the correlation of urban
heat island and climate change triggered due to urbanization and other anthropogenic
factors. The outcome of the study also helps for sustainable urban development and
designing the policy document.

2. Study area

Delhi is an ancient city established along the banks of the river Yamuna during the
Mughal Kingdom. It is situated between latitudes 28�2401700N and 28�5304500N and
longitudes 76�5100000E and 77�2003000E (Figure 1). Delhi Metropolitan City has an
area of 1490 km2 and as per the estimates of UN world Population prospects, the
population of Delhi NCR is 1.03 crores and estimated population for Delhi in 2022 is
around 32,065,760 and have high density of urban built-up, it has extensive vegeta-
tion cover in central Delhi.

The weather of Delhi ranges from severe hot in summers (May–June) to severe
cold during winters (Dec–Jan). Temperatures range from a high of 45 �C to a low of
up to 3 �C. Rainfall is during the Monsoon Season of July–September, with average
rainfall recorded from 400 to 600mm. The weather of Delhi Metropolitan City has
changed from Dry and Hot to Humid and Hot. Being one of the highly polluted cit-
ies globally, particularly atmospheric pollution also make the city more vulnerable.
Smog is often seen during the winter months, which causes loss of visibility and asso-
ciated health problems. Scattered thick Vegetation is seen along the river Yamuna.
However, the river has been virtually converted into a drain with very low oxygen
content and high contamination due to pollution.
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3 Data used and methodology

The data sets used in the present work are mainly Landsat thermal data sets with
various band combination with the 30-m spatial resolution, which are very useful for
extracting and mapping of biophysical parameters of the city. The data sets are gener-
ally taken for the month of May, which gives more clear information about earth
thermodynamic features. The details of the data sets used in the work mentioned
(Table 1).

3.1. Methodology followed for calculation LULC, NDVI, LST, and NDBI

The Important variables such as Landuse/Land cover, Normalized Differential
Vegetation Index (NDVI), Normalized Differential builtup Index (NDBI) and Land
surface Temperature were used to develop their spatial and temporal relationship
between the parameter. The detail details methodology followed in the present work
are mentioned (Figure 2).

3.1.1. Pre-processing of data
The Landsat satellite data for three years, i.e., 2000, 2010 and 2020 in the month of
May was downloaded from the USGS website. Images were re-projected to UTM
WGS 1984 Zone 43N projection. Histogram equalization was carried out to improve
visual interpretation. After that, mosaicked image were stacks and created in ERDAS
Imagine software. Delhi Metropolitan City boundary shapefile, Area of Interest (AOI)

Table 1. Primary data used.
Ser No Satellite Sensor Date of Acquisition Path/Row Cloud percentage Resolution

1. LANDSAT 5 TM 09 May 2000 146/40 Nil 30 m
2. LANDSAT 5 TM 05 May 2010 146/40 Nil 30 m
3. LANDSAT 8 OLI TIRS 11 May 2020 146/40 Nil 30 m

Figure 1. Location of Delhi Metropolitan City.
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subsets were created. Thermal Bands were used individually for LST calculations, and
stacks were not created.

3.1.2. Land use and land cover (LULC) mapping
Land use and land cover mapping depict an accurate measure of how resources are
being utilized and the change in their spatial pattern .It is essential to know the nat-
ural characteristics, extent and location, quality, productivity, suitability, and limita-
tions of various land uses for sustainable development (Chawla 2012; Sussman
et al. 2019).

LULC maps of the area were mapped to study the urban growth over the last
20 years and correlated with vegetation cover and water bodies. The supervised classi-
fication technique used to make the land use/land cover of the area. The major land
use classes are classified into five group: water bodies, thick vegetation, built-up area,
dense built-up, and barren/fallow land. The area under each class and changes from
2000 to 2020 was calculated to analyze the spatial-temporal changes.

3.1.3. Normalized difference vegetation index (NDVI) mapping
Normalized Difference Vegetation Index (NDVI) is used to quantify the vegetation
cover and changes over 20 years. The efficient evaluation of urban greenness helps to
attain sustainable urban planning and management of urban ecosystems(Fatemi and
Narangifard 2019; Guha et al. 2020; Shastri et al. 2020). The application of remote
sensing technology for mapping plant biomass has enormously increased in recent
years and attributed to the availability of a variety of medium and high-resolution
satellite imageries (Chen et al. 2006). NDVI measures vegetation cover by measuring
the difference between Near-Infrared Band and Red Band. According to this index,
green Vegetation reflects near-infrared lights more than red lights in the visible

Figure 2. Methodology adopted for the study.
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spectrum and absorbs the red lights. This index is widely used to study vegetation
density.

NDVI ¼ ðNIR�RedÞ
ðNIR þ RedÞ (1)

As per the index values are normalized, the scale for the index range from þ1.0 to
�1.0 and the area having barren rock, sand, or snow usually show very low NDVI
values (0.1 or less). Sparse Vegetation such as shrubs and grasslands or crops may
result in moderate NDVI values (approximately 0.2–0.5). High NDVI values
(approximately 0.6–0.9) correspond to dense vegetation cover.

NDVI Density maps prepared for all 3 years for the study area and compared to
understand the spatial change .To analyze the dynamics of vegetation cover, density
change analysis was carried out.

3.1.4. Normalized difference built-up index (NDBI) and built-up index (BUI)
NDBI facilitates built-up areas to be mapped at a higher degree of accuracy. The
main advantage of NDBI is every builtup land has the unique spectral response com-
pare to other land covers. NDBI is used to extract built-up (Guha and Govil 2020).
The NDBI values ranging from �1 to 1. The formula used to calculate NDBI given
below.

NDBI ¼ SWIR�NIR
SWIR þ NIR

(2)

The following formula extracted the built-up areas

BUI ¼ NDBI� NDVI (3)

The output of NDBI was further refined by removing vegetation noise using
NDVI; thus, BUI is the resultant binary image with only the built-up and barren pix-
els having a positive value, thus allowing built-up areas to be mapped automatically.
NDBI approach separates urban areas from barren and bare land.

3.1.5. Land surface temperature (LST) estimation
Land surface temperature (LST) is an essential factor in global change studies (Fatemi
and Narangifard 2019; Guha and Govil 2020; Peng et al. 2020; Rahaman et al. 2020;
Shastri et al. 2020; Hussain and Karuppannan 2021).

The knowledge of surface temperature is essential to a range of issues and themes
in earth sciences to urban climatology, global environmental change, and human-
environment interactions (Yuan et al. 2019). The rise in LST has many contributing
factors like global warming, change in vegetation cover, urbanization and changes in
LULC pattern. Physical conditions govern the land surface temperature of any area,
i.e., topography, land use and Vegetation, of the city/urban areas. The distribution of
Vegetation, built-up, open land, water bodies and other features determines the sur-
face temperature (Chen et al. 2006). LST can be estimated using satellite data using
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the Thermal/Thermal IR bands in a multispectral image. Both Landsat 5 and Landsat
have 8 have thermal bands, and LST estimation by converting reflectance
into radiance.

3.1.6. LST calculation for Landsat 5 TM and Landsat 8 TIRS
The LST for Landsat 5 and 8 have been calculated according to the prescribed hand-
book. In Landsat 5, Band 6 (10.40–12.50 lm) is the thermal band, and in Landsat 8,
Band 10 and 11 are the thermal bands. Reflectance recorded in the satellite image
was converted into radiance at the sensor using the below-mentioned formula. Values
of required constants were taken from the image’s MTL/Meta Data file. The digital
numbers (DNs) of the LANDSAT ETM images were converted to normalized exo-
atmospheric reflectance measures based on the method proposed.

Lk ¼ LMAXk � LMINkÞ X ðQCALk � QCALMINkð Þ
ðQCALMAX � QCALMINÞ þMINk (4)

where Lk ¼ Spectral Radiance at the sensor’s aperture in watts/(meter squared � ster
� lm), QCAL¼ the quantized calibrated pixel value in DN, LMINk ¼ the spectral
radiance that is scaled to QCALMIN in watts/(meter squared � ster � lm), LMAXk
¼ the spectral radiance that is scaled to QCALMAX in watts/(meter squared � ster �
lm), QCALMIN¼ the minimum quantized calibrated pixel value (corresponding to
LMINk) in DN¼ 1, QCALMAX¼ the maximum quantized calibrated pixel value
(corresponding to LMAXk) in DN¼ 255.

The LST or effective temperature T at satellite was calculated for Band 6 data using
markan and baker 1986 formula (Khan 2020)

T ¼ K2

In K1
Lk

� �
þ 1

(5)

Where T ¼ Effective at-satellite temperature in Kelvin, K2¼Calibration constant 2,
K1¼Calibration constant 1, Lk¼ Spectral radiance in watts/(meter squared � ster � lm)

Reflectance recorded in the satellite image is converted into the top of atmosphere
radiance using the below-mentioned formula.

Top of Atmosphere (TOA) Radiance:
Lk ¼ MLkQcal þ AL(6)

Where Lk ¼ TOA spectral radiance (Watts/(m2 � sr � lm)), MLk ¼ Radiance
multiplicative Band (No 10 & 11), AL ¼ Radiance Add Band (No 10 & 11),
Qcal¼Quantized and calibrated standard product pixel values (DN).

Spectral radiance data were converted to top of atmosphere brightness temperature
using the formula’s thermal constants below.

That qk0 is not true TOA Reflectance because it does not contain a correction for
the solar elevation angle.

This correction factor is left out of the Level 1 scaling at the users’ request; some users
are content with the scene-center solar elevation angle in the metadata, while others pre-
fer to calculate their own per-pixel solar elevation angle across the entire scene.
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qk0 ¼ qk
cos ðhSZÞ ¼

qk
sinðhSEÞ (7)

Once a solar elevation angle is chosen, the conversion to true TOA Reflectance is
as follows: where:

qk ¼ TOA planetary reflectance. hSE ¼ Local sun elevation angle; the scene center
sun elevation angle in degrees is provided in the metadata. hSZ ¼ Local solar zenith
angle; hSZ ¼ 90� � hSE

In the end, Eq. (2) is used for calculating the temperature.

4. Results and discussion

To access the environmental variables of urban areas, especially mega cities like
Delhi, can be assessed by understanding various components city and its spatial pat-
tern such as land use, vegetation, built-up areas, Temperature variations, impervious
surface. The dynamics of Land use/Land Cover over a period of time determine the
city’s ability to balance its natural ecosystem with its expansion effectively. Changes
in vegetation cover, open land and agricultural land, and the corresponding increase
in urban areas are good indicators of urban growth but have undesirable impacts on
the sustainability of the urban area.

4.1. Land use and land cover change in Delhi

Landsat satellite data using supervised classification were used to extract land use and
land cover for 2000, 2010, and 2020 and their spatial change analysis (Table 2). The
built-up area is separated into low dispersed built-up area and dense built-up area,
which benefits to distinguish between the core and periphery of the urban arrange-
ment in the old city of Delhi. It has been observed that over the duration of 20 years,
growth in vegetation and dense core built-up area. The core urban area of Delhi is
becoming denser with time as the area under dense built-up area is almost doubled
from 11 to 20% in the last two decades. As per Census data, the population density
was increased from 9340 in 2000 to 11,312 in 2020.

The spatial distribution of various land use categories for the past 20 years is
shown (Figure 3), where the locations like Mukundpur North West district, Mitroan
Village in the south-west district Bakhtawarpur in North district of Delhi has shown
a drastic change in built-up area density. The water bodies have shown a slight
growth in spatial distribution because of adaptation of various surface water

Table 2. LULC changes in Delhi from 2000 to 2020.

LULC classes
2000 2010 2020 % Change

2000–2020% km2 % km2 % km2

Dispersed Built Up Area 40.24 597.16 41.14 610.47 51.21 760.01 10.97
Dense Built-Up Area 11.16 165.67 21.77 323.07 22.32 331.28 11.16
Water Bodies 0.71 10.59 1.16 17.2 0.72 10.67 0.01
Vegetation 12.16 180.45 14.84 220.22 16.51 244.94 4.35
Barren/Fallow Land 35.72 530.13 21.09 313.04 9.24 137.1 �26.48
Total 1484 1484 1484
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management practices to rejuvenate and maintain the water bodies in Delhi; they
have increased around 0.14%, i.e., from 11 to 13 km2. Similarly, the vegetation cover
also has increased by around 11% in the last two decades. In contrast, the barren
land reduced from 35 to 22% due to the compaction of urban areas and the reclam-
ation of land under Vegetation.

4.2. Normalized difference built-up index and built-up index

The NDBI and BUI indexes are spectral based indicators that provide a good estima-
tion of urban built enlargement; it is mainly composed of built-up space. The BUI
indicator is derived from deducting the vegetation index from the built-up area.

It can also be observed from Figure 4, the built-up area in Delhi is constantly
increasing, and it is increasing exponentially with passing years. It becomes essential
to study the changes within the capital for urban geographers to ascertain the sustain-
ability of living conditions. BUI’s spatial interpretation shows growth in the area
under the impervious surface in Delhi for 2000, 2010, and 2020 (Table 3; Figure 5).

The rural and the open land within the periphery of Delhi is declining, which has
been reduced to 62 km2 from 900 km2 in the last two decades. On the other hand,
the densely built-up area has increased many folds from 164 to 461 km2 in the same
period. The same is evident from LULC representation in Figure 3, which shows how
the urban expansion has increased in the past 20 years; the growth is mainly concen-
trated in the core area near the Central and South districts of Delhi. The NDBI is
most dense within a radius of 20 km from New Delhi as the center, which is the old
core for the city.

4.3. NDVI and change in green area

The areal extent of the Normalized Difference Vegetation Index (NDVI) for 2000,
2010 and 2020 (Table 4; Figure 6) shows that the non-vegetated area in Delhi is
declined from 82 to 62% since the last two decades. The overall vegetated area is
increasing due to government initiatives regarding the plantation of sapling post-
2010. This initiative states that the quality of the Vegetation in Delhi is developing,
affecting future ecosystem sustainability.

The difference in NDVI for the period between 2000 and 2020 (Figure 7) shows
an overall increase of green cover in Delhi between 2000 and 2020, the area under
good vegetation cover has lost. The significant portions are the central Delhi, south

Table 3. Built Up Index Area for 2000, 2010, and 2020.

BUI

Area in km2

2000 2010 2020

km2 % km2 % km2 %

Rural/open land 900 60.65 766 51.62 62 4.18
Sparse built up 420 28.30 473 31.87 961 64.76
Dense built up 164 11.05 245 16.51 461 31.06
Total 1484 100 1484 100 1484 100
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Delhi ridge area, the banks of Yamuna, near Mitron village in Najafgarh block, show-
ing a decrease in vegetation cover due to encroachment and urbanization.

4.4. Changing pattern of land surface temperature

Spatio-temporal variation in land surface temperature from 2000 to 2020 has been
categorized into five classes as low as 20 �C to and as high as 40 �C. Though the land
surface temperature has remained high since the post-1990s, the changes in land use
and land cover aggravated the UHI effect in Delhi. In 2000 the area under 20 �C was

Figure 3. Land use and land cover map of Delhi 2000, 2010, 2020.
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only around 1.2% where added consequently, in the last two decades, no land surface
exists within this range of temperature on the other hand, during 2000, there was no
land surface which has more than 35 �C or more. 2010 onwards, the surface tempera-
ture below 25 �C got replaced by the region of having temperature range between 25
and 30 �C, which shows an overall increase of local temperature by 5 �C.

The area of surface temperature within the range between 30 and 35 �C is con-
stantly reducing since 2000, and it is reducing with time; if the trend follows, the
minimum temperature will keep rising. On the contrary part temperature above
35 �C is gaining more land area with subsequent years 72 and 74% land are added in
range 35–40 �C in 2010 and 2020, respectively. Similarly, around 9 and 11% land has
been added to the temperature range of more than 40 �C for 2010 and 2020, respect-
ively. Spatial distribution of land surface temperature in Delhi from 2000 to 2020

Figure 4. Normalized difference built-up Index of Delhi 2000, 2010, and 2020.
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where it is evident that the area under a temperature below 25 �C is reducing with
time and the area under more than 40 �C is gaining land, which is a serious concern
for assessing the sustainability of the city (Table 5 and 6; Figure 8)

Figure 5. Built-Up Index of Delhi 2000, 2010, and 2020.

Table 4. Normalized difference vegetation index 2000, 2010, and 2020.

NDVI
2000 2010 2020

km2 % km2 % km2 %

Non-vegetated (<0.1) 1218 82 1107 75 920 62
Sparsely vegetated (0.1–0.2) 167 11 319 21 362 24
Transitional vegetation (0.2–03) 20 1 48 3 174 12
Dense vegetation (above 0.3) 76 5 10 1 28 2
Total area 1484 1484 1484
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4.5. Correlation between NDVI, NDBI, and LST

For establishing a sustainable relationship between the various calculated parameters,
a correlation has been computed to analyze the relational trend between the LULC,
NDVI, NDBI, and LST (Figure 9(a–c)). Karl Pearson coefficient of correlation has
been applied; this method facilitates assessing the value of a dependent variable con-
cerning a specific value of an independent variable through regression calculations. It
determines the direction of the correlation, i.e., the correlation between the two varia-
bles is positive or negative.

The results show a high degree of positive correlation between LST and NDBI (R2

¼ 0.8369), and a high degree of negative correlation exists between LST and NDVI
(R2 ¼ �0.8872). Indicating rise in LST can be attributed to increased urbanization or

Figure 6. Normalized difference Vegetation Index of Delhi 2000, 2010, and 2020.
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reduction in vegetation cover in a city and vice versa. The present study shows the
significant relationship between the abundance of Vegetation and low surface tem-
perature and an abundance of built-up with high surface temperature.

5. Conclusion

The present study analyzed the long-term land use/land cover change and urbaniza-
tion and its spatial relation with NDVI, NDBI, and land surface temperature over

Figure 7. Normalized difference Vegetation Index Change for Delhi between 2000 and 2020.

Table 5. Change in temporal distribution of land surface temperature area over Delhi 2000, 2010,
and 2020.

LST
2000 2010 2020

km2 % km2 % km2 %

< 25 �C 18 1.2 0.0 0.0 0.0 0.0
25–30 �C 1073 71.4 3 0.2 3 0.2
30–35 �C 412 27.4 254 19 247 15
35–40 �C 0.0 0.0 1114 72 1081 74
> 40 �C 0.0 0.0 131 9 171 11

Table 6. Comparitive analysis of IMD station data and Landsat derived surface temperature data
for Delhi from 2000 to 2020.

Date of LST Calculation

LST as per Landsat data (�C) Temp as per IMD Data (�C)

Min Max Min Max

09 May 2000 23.20 34.85 21.23 32.10
05 May 2010 26.31 39.92 21.67 40.55
11 May 2020 31.70 44.74 25.00 42.77
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Delhi area between 2000 and 2020 using temporal Landsat data sets. The results
clearly indicates that due to unplanned urbanization and land use practices in the city
are initiating the development of urban heat island as seen in the result urban area
have higher temperature compare to open and rural area. The quantitative values
observed in the assessment shows how the particular land use practices affecting the
decrease of vegetation cover and its density and development of high built-up density
along with other open and barren land. The major observation from this study is to
increase the minimum and maximum temperature in last to decade in the city, which
is more than 5 �C in 2000 onwards, although the extensive urban plantations in some
of the locations decrease the trend in the city. The present study suggested that the

Figure 8. Land Surface Temperature Distribution Delhi 2000, 2010, and 2020.
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urban temperature, vegetation cover and natural environment must be considered
when urbanization process taken place. It is also suggested that the area needs further
evaluation by considering high resolution thermal data sets to estimate the hot spot
points in the city to mitigate the further deterioration of urban health and greeneries.

Figure 9. (a) Correlation between LST, NDBI & NDVI for 2000 Data. (b) Correlation between LST,
NDBI & NDVI for 2010 Data. (c) Correlation between LST, NDBI & NDVI for 2020 Data.
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